a Objective: A range of risk reduction behaviours in which homosexual men practise unprotected anal intercourse (UAI) has been described. We aimed to assess the extent of any reduction in HIV risk associated with these behaviours.
Introduction
Soon after the onset of the HIV epidemic in homosexually active men, unprotected anal intercourse (UAI) was identified as the main mode of HIVacquisition [1] [2] [3] . In response, gay communities in developed countries embraced the concept of 'safe sex', and there were dramatic reductions in UAI [4] [5] [6] [7] and HIV transmission [8] [9] [10] .
Approximately 25 years later, homosexual men's behavioural response to the risk of HIV transmission has Despite the relatively widespread and increasing practice of some risk reduction behaviours [12, 19, 20] , there is no published information from prospective studies on the risk of these behaviours. In this report, we describe the relationship between specific types of UAI, risk reduction behaviours, and HIV infection in a cohort of homosexual men in Sydney, Australia.
Methods Participants
Participants were recruited from a wide range of community-based settings in Sydney between June 2001 and December 2004, as described in detail elsewhere [21] . Men were eligible if they met the following criteria: reported having sex with other men within the previous 5 years; lived in Sydney or participated regularly in its gay community; and tested HIV negative at baseline. Signed informed consent was obtained. Participants were followed to the end of June 2007. Ethics approval was granted by the Ethics Committee at the University of New South Wales.
Data collection
All eligible men willing to participate underwent annual face-to-face interviews, with 6-monthly telephone interviews between these visits. At each interview, detailed quantitative data on the number of episodes of UAI in the 6 months prior were collected. Participants reported the number of episodes of UAI separately for regular and for casual partners (defined by the participants), for the insertive and receptive positions, by HIV status of these partners (negative, positive or unknown). In addition, for UAI-R, they reported episodes separately by whether or not ejaculation occurred inside their rectum.
Ascertainment of HIV seroconversion and estimation of date of HIV infection
Methods of ascertainment of HIV seroconversion and estimation of the date of HIV infection have been described in detail elsewhere [22] . Briefly, incident HIV infections were identified through two sources. First, HIV diagnoses at the annual study visit were identified (n ¼ 31). Second, identifiers were matched against the national HIV register to identify infections in people who tested outside the study (n ¼ 22). The final match and the final study interviews occurred in June 2007.
In 36 HIV seroconverters who had no data on seroconversion symptoms, the midpoint between the last negative and first positive HIV tests was used to estimate the date of infection. Data on the completeness of the western blot and the occurrence of seroconversion symptoms were available from another study in 17 HIV seroconverters [23, 24] . In these participants, if the western blot was incomplete, the later of the midpoint or 2 weeks prior to symptom onset was used as the estimated infection date (n ¼ 9). If the western blot was complete, the earlier of the two was used (n ¼ 8).
Definitions of risk reduction behaviours
Risk reduction behaviours were derived from participants' reports about modes of UAI. With the exception of negotiated safety, intent to engage in such behaviours was not assessed. The terms 'serosorting', 'negotiated safety' and 'strategic positioning' were not used in the study questionnaire.
Serosorting
Serosorting between interviews was defined as reporting UAI in that period and reporting that all this UAI was with partners who were reported by study participants to be HIV negative. This was regardless of whether the UAI was with regular or casual partners, or was insertive or receptive. Negotiated safety was defined as a form of serosorting with regular partners in which the following seven criteria were met, as previously defined in Australian community-based research [15, 16] : they identified a primary regular partner; the relationship was of more than 6 months duration; the result of the primary regular partner's last HIV test was HIV negative; there was a clear spoken agreement that UAI was allowed within the relationship; there was a clear spoken agreement that there was to be no UAI outside the relationship; the participant and his partner had mutually disclosed their most recent HIV test result; and UAI was reported exclusively with the primary regular partner.
Strategic positioning (insertive only unprotected anal intercourse) Strategic positioning was defined as reporting UAI in a study period and reporting that all this UAI was insertive. This was regardless of whether the UAI was with regular or casual partners and the HIV status of partners.
Withdrawal
Withdrawal was defined as reporting UAI-R in a study period, and that none of the UAI-R had involved ejaculation inside the rectum. This was regardless of whether UAI-R was with regular or casual partners, and the HIV status of partners.
Statistical analysis
Statistical analyses were performed using STATA 10.0 (STATA Corporation, College Station, Texas, USA). The HIV incidence was calculated as the number of seroconversions divided by the person-years followed. Total person-years were calculated from study entry to the time of HIV infection, to the last study interview, or to the end of June 2007 for those who remained HIV negative. The exact binomial method was used to calculate 95% confidence intervals (CIs).
In 13 participants whose seroconversions were identified through matching, the estimated date of infection was later than their last interview due to loss to follow-up. In these individuals, there were no behavioural data available at the time of estimated infection. Information obtained from the last interview was carried forward for risk factor analysis in seven participants in whom the estimated date of infection was less than 12 months after the last interview. Six participants whose estimated dates of infection were more than 12 months later were excluded from risk factor analysis.
Univariate and multivariate Cox regression models were developed to examine the number of episodes of different modes of UAI as risk factors and hazard ratios were calculated. The association between UAI and HIV seroconversion was examined according to three categories of sexual position (insertive, receptive with withdrawal and receptive with ejaculation), three categories of partner type (regular, casual, and combined regular and casual), and three categories of partners' reported HIV status (negative, positive and unknown). This led to the creation of 27 separate risk behaviours (e.g. insertive UAI with HIV-negative regular partners). In each of these analyses, we examined the effect of number of episodes of that type of UAI in the last 6 months, grouped as 0, one to five, and more than five episodes. Modes of UAI with regular and casual partners combined that were significantly related with HIV infection were entered into a multivariate model using forward stepwise regression.
For risk reduction behaviours, mutually exclusive categories were created for serosorting, strategic positioning and withdrawal. Negotiated safety was examined as a type of serosorting for those who reported a regular partner. Associations between reporting serosorting and each of the other risk reduction behaviours on each study visit occasion were examined using logistic regression, after adjustment for interparticipant correlation [25] , and graphically displayed using pie diagrams. To assess confounding between behaviours, stratified analyses of HIV risk were performed among men who reported UAI with HIV-positive partners, and among those who reported UAI only with HIV-negative partners.
Results
A total of 1427 participants were enrolled between June 2001 and December 2004. The median age at enrolment was 35 years, ranging from 18 to 75 years. The great majority (95.2%) of participants self-identified as gay or homosexual. Follow-up interviews at 1 and 2 years were attended by 87 and 81% of participants, respectively, and the main reason for loss to follow-up was participants relocating from Sydney (n ¼ 139, 9.74%).
HIV incidence
There were 53 HIV seroconversions, an overall HIV incidence of 0.78 per 100 person-years (95% CI 0.59-1.02). The median age at HIV seroconversion was 37 years (range 22-63). The total follow-up time for risk factor analysis was 5161 person-years, and the median was 3.9 years per participant. Risk factor analysis was performed on 47 HIV seroconverters for whom sexual behaviour data were available within 12 months of seroconversion.
None of the demographic factors examined, including age (P trend ¼ 0.825), education (P trend ¼ 0.336), current income (P trend ¼ 0.700) and occupational level (P ¼ 0.253) were related to the risk of HIV infection.
In univariate analysis, all nine modes of UAI with regular and casual partners combined were significantly related to HIV acquisition (Table 1) . Similar patterns were observed when these analyses were separated by partner type (Appendix Table A1 ). There were seven seroconversions in men who reported no UAI in the seroconversion interval, but in each participant, UAI was reported in the 6-month period immediately prior. In the multivariate model, only UAI-R with withdrawal with HIV status unknown partners and UAI-R with ejaculation with HIV-positive partners remained significantly associated with HIV infection (Table 1) .
HIV risk reduction behaviours
Serosorting Overall, 38.0% of total follow-up and 29.8% of all infections (n ¼ 14) occurred in men who reported that all their UAI was with partners they believed were HIV negative. Compared with men who reported no UAI, these men were at more than twice the risk of HIV infection, but this did not reach statistical significance (Table 2) . However, compared with those who reported UAI with HIV-positive partners, they were at significantly Men who were classified as serosorters were classified into three mutually exclusive categories as outlined in Table 3 . The first category was men who met the criteria for negotiated safety. Overall, 24.7% of total follow-up and 14.9% of all infections (n ¼ 7) occurred in these men. Their risk of HIV infection was not significantly greater than those who reported no UAI. The second category was men who reported UAI with an HIV-negative regular partner that could not be classified as negotiated safety, but no UAI with casual partners. Overall, 9.0% of total follow-up and 10.6% of all infections (n ¼ 5) occurred in men in this category, and these men were at significantly higher risk than those who reported no UAI. The third category was men who reported UAI with casual partners who were reported to be HIV negative. Overall, 4.2% of total follow-up and 4.3% of all infections (n ¼ 2) occurred in men in this category. Compared with men who reported no UAI, these men were at three-fold increased risk, but this did not reach statistical significance.
Strategic positioning
Overall, 15.3% of total follow-up and 8.5% of all infections (n ¼ 4) occurred in men who reported their highest risk behaviour was insertive UAI. Compared with men who reported no UAI, these men were not at significantly increased risk of HIV infection (Table 2) . Overall, men who reported insertive UAI only were at significantly lower risk of HIV infection than men who reported any receptive UAI (hazard ratio ¼ 0.32, 95% CI 0.12-0.91).
Withdrawal
Overall, 36 infections (76.5% of all infections) were in men who reported receptive UAI. A substantial proportion of these were in men who reported their highest risk behaviour was receptive UAI with withdrawal (n ¼ 11, 23.4% of all infections and 12.8% of total follow-up). Compared with men who reported no UAI, UAI with HIV-negative partners only ('serosorting'), insertive UAI only ('strategic positioning') or reporting that all receptive UAI occurred with withdrawal ('withdrawal'). men who reported withdrawal were at five-fold significantly increased risk of HIV infection (Table 2) .
Combined HIV risk reduction behaviours Overall, men who reported any risk reduction behaviour were about three times more likely to seroconvert to HIV than men who reported no UAI, but they were much less likely to become infected than men who reported UAI without risk reduction ( Table 2) . Patterns of sexual positioning were clearly different depending on the reported serostatus of partners (Fig. 1) Table 4 ). On the contrary, in men who reported UAI with HIV-positive partners, most (56%) risk periods were of insertive only UAI and only 11% included any UAI-R with ejaculation.
Among those men who reported any UAI with HIVpositive partners (Table 4) , both insertive only UAI and withdrawal were associated with reduced risks of HIV infection compared with UAI-R with ejaculation (hazard ratio ¼ 0.14, 95% CI 0.04-0.50; and hazard ratio ¼ 0.16, 95% CI 0.04-0.63, respectively), although in both cases, incidence of HIV was significantly higher than no UAI (hazard ratio ¼ 9.09, 95% CI 2.65-31.22 for insertive only UAI, and hazard ratio ¼ 10.22, 95% CI 2.64-39.61 for withdrawal).
Discussion
Receptive UAI remains the main mode of HIV transmission in homosexual men. UAI was very common in this cohort, being reported during 60% of total followup periods. However, in only 7% of total follow-up, did this UAI occur where consistent risk reduction behaviour was not observed. Two of the four HIV risk reduction behaviours examined, negotiated safety and strategic positioning, were not associated with significantly increased HIV incidence compared with no UAI. The other two were somewhat less effective. First, serosorting with regular partners outside of negotiated safety, or with casual partners, was associated with HIV infection rates about three-fold higher than those who reported no UAI. Second, withdrawal was associated with a five-fold increased risk of HIV seroconversion, but this was confounded by the fact that it was commonly practised with HIV-positive partners. Among those whose UAI partners were HIV positive, withdrawal was associated with a lower risk than UAI-R with ejaculation. Thus, each of the risk reduction behaviours examined was associated with a HIV incidence that was intermediate between that in those who reported no UAI, and UAI without that form of risk reduction behaviour.
Serosorting was described initially as a risk reduction strategy in HIV-positive homosexual men [13, 14] . In HIV-negative men, the effectiveness of this strategy in HIV prevention will be compromised in any setting where there is uncertainty about the actual HIV status of the sexual partner. Negotiated safety is likely to be a setting where there is relative certainty of the HIVnegative status of the partner [15, 16] , and this strategy is commonly practised among homosexual men in established relationships [26] [27] [28] . The Health in Men (HIM) study has confirmed that negotiated safety, applied consistently, can substantially protect men from becoming HIV infected. On the contrary, HIV incidence was higher in those men who practised serosorting outside of a negotiated safety agreement. This is not surprising, as accurate knowledge of partner's HIV status is less likely in casual sex or within a recently formed relationship [29] . It is uncertain to what extent these results may apply in other gay community settings. In Sydney, the rate of HIV testing in homosexual men is among the highest in the world, and testing is most frequent in higher risk individuals [30, 31] . At screening for entry into the HIM study, only 0.6% of 1435 potential participants wrongly perceived that they were HIV negative [22] . In contrast to this accurate knowledge of HIV-negative status, almost half of men diagnosed with HIV in one US study were unaware they were infected [32] . Knowledge of current HIV status in Sydney appears to be more accurate than in many other settings [33] . The per-contact probability of HIV transmission of insertive UAI is an order of magnitude lower than for receptive UAI [34] . There is clear evidence that sexual positioning strategies have been adopted by some homosexual men, both HIV negative and HIV positive, when negotiating UAI [17, 35] . The term strategic positioning was originally defined as occurring only in non-seroconcordant UAI [17] , but we consider any report of consistent insertive only UAI as strategic positioning. The HIM study has demonstrated that overall, the incidence of HIV in men consistently practising only insertive UAI was no greater than the HIV incidence in those practising no UAI. However, insertive UAI was still associated with a substantial HIV incidence, of almost 3% per year, in those men who practised it with HIV-positive partners. In interpreting these results, it should be noted that the HIM population was predominantly (66%) circumcised [36] , and thus may have been at relatively low risk from insertive sex.
Withdrawal during intercourse is a fallible but common method of birth control in heterosexual couples [37, 38] . Among homosexual men, the practice is common [7] , and there is a perception that it is at least partially efficacious in reducing HIV risk [39] . The HIM study has confirmed that there remains a substantial risk of HIV infection in those who consistently practise withdrawal. Nevertheless, among those who reported UAI with HIVpositive partners, the risk of HIV infection was lower than that among those who engaged in UAI-R with ejaculation.
We found that men who reported serosorting were much less likely to report both strategic positioning and withdrawal and were more likely to report UAI-R with ejaculation. In some ways, it is only common sense that strategic positioning be uncommon with HIV-negative partners, as in this setting, UAI will always involve one insertive and one receptive HIV-negative partner. However, the finding that they were less likely to practise withdrawal suggests that they felt they were adequately protected against HIV by serosorting when engaging in UAI-R. In fact, our data showed that serosorters who practised UAI-R with ejaculation were at significantly increased risk of HIV infection compared with those who had no UAI.
A key feature of the analyses we have performed is that we have examined consistent practice of risk reduction behaviours and not conscious intent. Given the direct link between sexual risk behaviour and HIV infection and the complexity of the relationship between intention and behaviour, we believe it is appropriate to examine the association with behaviour. In the future, studies of intent are needed to elucidate the contexts of this decision making. Our definition of risk reduction behaviours was based on exclusive practice. For example, if a man reported multiple episodes of insertive UAI and a single episode of UAI-R during a 6-month period, he was classified as not reporting strategic positioning in that period. Thus, our results can only be generalized to those who successfully apply any intentional strategy. In examining such complex and multilayered behaviours, small subgroups were inevitably created, with consequent limited power. This also prevented us from using a multivariate approach to incorporate other known risk factors. Nevertheless, the HIM study is the first prospective study to report on the effectiveness of the practice of risk reduction behaviours.
This study has demonstrated that consistent practice of risk reduction behaviours is common among homosexual men in Australia, and suggests that each of the risk reduction behaviours examined offered substantial but incomplete protection against HIV infection compared with other patterns of UAI. Having said that, consistent condom use (no UAI) was reported in 40% of the followup periods, and this remains the most effective risk reduction behaviour. Our results strongly suggest that policy makers, educators and researchers need to engage with the realities under which UAI is occurring, as well as targeting UAI itself. The relatively low incidence rates of HIV observed in this cohort, despite high overall levels of UAI, and the fact that Sydney is one of very few places in the developed world that has not recently seen an increase in HIV notifications in gay men [33] suggest that risk reduction behaviours can be associated with some success in containing HIV at the population level. 
